Objective Pedestrian injury is a leading cause of injury-related mortality for children. This pilot randomized controlled trial tested the efficacy of a training program to teach where and how to cross safely. Methods Using fully immersive virtual reality technology, 142 children 7-10 years of age were recruited, with 130 completing crossing measures before (pretest) and immediately after (posttest) training. Training comprised 1.5 hr, was tailored to each child's performance over trials, and focused on either where to cross (n ¼ 44 children completed testing) or how to cross safely (n ¼ 43); corresponding control groups comprised 22 and 21 children, respectively. Following training, children in the intervention groups completed additional tasks to test conceptual knowledge and generalization of learning. Children in the control groups spent the same time as those in training groups but played a video game that used the same game controller but provided no training in street crossing. Results The primary outcomes were errors in crossing at posttest, controlling for pretest error scores. Children in the intervention group made from 75% to 98% fewer errors at posttest than control children for all pedestrian safety variables related to where and how to cross safely, with effect sizes (incidence rate ratios) varying between 0.02 and 0.25. They also showed a generalization of what they had learned and applied this knowledge to novel posttraining situations.
. Children struggle both with selecting where to cross (DiMaggio & Durkin, 2002; Lightstone, Dhillon, Peek-Asa, & Kraus, 2001 ) and determining how to cross (Ampofo-Boateng & Thomson, 1991; Connelly, Conaglen, Parsonson, & Isler, 1998) . Addressing these issues, the current research tests the efficacy of a training program that uses virtual reality (VR) technology to teach 7-10-year-old children where and how to cross streets safely.
With regard to decisions about where to cross, young children (5 through 8 years) have more trouble selecting safe traffic routes than older children (Ampofo-Boateng & Thomson, 1991; Tabibi & Pfeffer, 2002) . Midblock crossings are common and particularly dangerous for children (Desapriya et al., 2011; Lightstone et al., 2001; Mayr et al., 2003) . The presence of parked cars reduces both children's view of traffic and drivers' abilities to notice children, which increases injuries for child pedestrians (McComas, MacKay, & Pivik, 2002; Safe Kids Canada, 2008; Schofer et al., 1995) . In addition, some road design features (e.g., blind curve or hill) pose particular danger for children (Tabibi & Pfeffer, 2002) . Drawing on these findings, in the current training program, children were taught to safely cross at midblock locations with parked cars present, as well as in situations that reduce visibility of traffic, including a blind curve and hill.
In terms of how to cross, running into the street is a risk factor for injury, particularly when this occurs between parked cars (Schofer et al., 1995) . Young children often fail to look both ways before crossing (Thomson et al., 1996) and do not attend sufficiently to traffic during a crossing (Barton & Morrongiello, 2011; Morrongiello et al., 2016) . For example, children focus on a car's distance and assume safety if the car is far away, barely monitoring traffic as they cross and failing to consider the speed at which the vehicle is approaching (Morrongiello et al., 2016) . Children also often misjudge the time needed to cross and select intervehicle gaps that result in cars coming dangerously close or hitting them (Lightstone et al., 2001; Morrongiello & Corbett, 2015) . To address some of these risk factors, the current program sought to teach children to stop at the curb, reduce time in the road by walking straight across, and to check for traffic before entering the road and before crossing the yellow median line.
A broad range of street-crossing training programs have been developed for children using a variety of methods (e.g., videogames). Meta-analyses reveal, however, that many programs are ineffective and those that are somewhat effective suffer from research designs that make it impossible to know what was taught and/or what skills changed Towner, Dowswell, & Jarvis, 2001a , 2001b . The only consistent finding is that behavioral training in a traffic environment most reliably produces improvement in crossing skills (Schwebel, McClure, & Severson, 2014; Zeedyk, Wallace, Carcary, Jones, & Larter, 2001 ). Curbside training has been shown to be effective, but it is slow to implement (e.g., poor weather conditions can delay training), resource draining (e.g., instructors can only teach a few children simultaneously), and one must keep the child safe so dangerous traffic conditions are avoided even though they may be the traffic situations about which children need to learn. Addressing these issues, recent training programs have used VR technology to teach children to cross safely in different traffic conditions while also securing their safety (McComas, MacKay, & Pivik, 2002; . Two important findings have emerged from this research. First, how children behave in virtual street environments is a good proxy for their real-world crossing behavior (McComas et al., 2002; Schwebel, Gaines, & Severson, 2008) . Second, VR training programs can be effective for teaching children to cross streets more safely. Although few such programs exist, a recent pedestrian training program that was rigorously evaluated was one by Schwebel and colleagues . It produced improvements in performance based on 180 min of training and benefits to the children (7-8 years of age) persisted over 6 months. Interestingly, the program provided practice and feedback (correct or not) on a trial-by-trial basis, but it did not teach the children about crossing safely. Specifically, children were not told what the nature of their errors were or how to improve their poor performance to cross more safely. They simply practiced crossing, with the goal being to avoid getting hit. It is not known, therefore, what they learned about traffic patterns and/or road safety, though they clearly improved in their perception of what constitutes a large enough intervehicle gap to avoid being hit. These findings suggest that practice crossing without any formal teaching per se can be sufficient to improve children's skills regarding when to cross a street safely.
Gibson's ecological theory emphasizes pedestrian improvements due to calibration of the visual-motor system based on practice experiences (Pick & Gibson, 2003) . Schwebel et al.'s (2014) findings support the application of this theory, at least in those traffic conditions where there are no other factors operating that could affect crossing safely. Deciding when to cross, however, is only part of the challenge facing pedestrians. One must also understand strategies for how to cross safely. Injury risk can be increased, for example, by crossing diagonally, which results in a longer time near traffic than a straight crossing. In addition, in many crossing situations, there are road design features that can increase risk of injury. For example, blind curves can affect visibility, making it more difficult to appraise traffic unless one is positioned farther from the curve. Crossing safely in these more complicated road and traffic conditions requires understanding of the principles that affect where to cross decisions (e.g., distance from the blind curve affects visibility of traffic). Thus, training that teaches principles relevant to decisions about how and where to cross is also essential so that children are prepared for managing a broad range of road and traffic conditions that they may encounter. Addressing these needs, this pilot randomized controlled trial (RCT; Eldridge, Lancaster, Campbell, Thabane, Hopewell, Coleman, & Bond, 2016) provided an evaluation of the efficacy of a new training program to teach where and how to cross, with the program delivered using an innovative VR system.
In recognition of the importance of both cognitive (teaching) and perceptual (practice) learning for crossing safely in diverse road and traffic conditions, the current training program targets both. It does this in several ways. First, by providing detailed feedback on crossing behaviors, it aims to improve cognitive strategies, knowledge, and understanding of traffic and road conditions and what differentiates safe from unsafe crossing in different situations. Second, it provides repeated practice crossing streets, which serves to tutor the allocation of visual attention as one crosses to enhance synchronization of walking speed to vehicle movement information to foster visualmotor tuning (Pick & Gibson, 2003) . Third, it provides increasingly complex practice experiences to maximize learning, ensure generalization, and solidify new skills (Thomson et al., 2005) . It was hypothesized that training would improve children's skills and result in fewer crossing posttest errors in intervention but not control groups. In addition, following training, children in the intervention groups also completed other tasks to test their abilities to apply what they should have learned to new crossing situations. It was hypothesized that children would show generalization of learning and successfully apply their new knowledge about crossing to these new situations. Finally, it was expected that results would yield effect size estimates that could be used to conduct a noninferiority trial to compare this intervention with the gold-standard curbside training program, Kerbcraft, that has been shown to significantly improve children's crossing skills (Thomson et al., 2008; Whelan, Towner, Errington, & Powell, 2008) .
Method

Design
There were four groups that comprised two pairs: an intervention and a control group for where to cross and an intervention and a control group for how to cross. The same pre-and post-behavioral measures were taken in the intervention and control groups for where to cross and the same were taken in the intervention and control groups for how to cross, though the behaviors measured were different between where and how modules.
Recruitment and Randomization
Children were recruited throughout the local community (e.g., general information letters distributed at swim classes and posters hung at locations where child-centered activities occurred) between January and June 2017. A parent phoned in to register their child's participation and the child was then enrolled by a third-year Psychology major undergraduate who was trained to answer the phone (i.e., not involved in running the study). The Lab Coordinator randomly assigned each child to one of the intervention or control groups with an allocation ratio of 2:1 (see Figure 1 ; Shulz, Altman, & Moher, 2010) . A stratified randomization procedure (cf. Kernan, Viscoli, Makuch, Brass, & Horwitz, 1999) was used to achieve an equal number of boys and girls within each group and comparability across groups with respect to children's age. In assigning children to groups, a computer-generated random numbers table was used by a research assistant and a concealed method of randomization was applied, with the next assignment only made known to the Lab Coordinator at the time of allocation to eliminate any potential biases in treatment effects (Schulz, Chalmers, Hayes, & Altman, 1995) .
Participants
A power analysis was conducted using G-Power Version 3.1.9.2 (Faul, Erdfelder, Buchner, & Lang, 2009) . Based on our pilot findings, we predicted that effect sizes should be moderate to large using Poisson/ negative binomial regression, with a conservative estimate of the smallest effect being incidence rate ratio (IRR) ¼ 0.3, requiring a sample size of 65 (in each Module 1 and 2 groups) at 95% power. Therefore, the final randomized sample included 130 (50% male) children 7-10 years of age, with an average age of 8.77 years (SD ¼ 1.44). An additional eight children in the intervention group and four in the control group were recruited, but then complete testing was not possible (Figure 1 ). The final sample comprised predominantly middle-upper-income families (89% earned above $60,000), with 89% of parents having some/ completed college/university, and nearly all of the participants being Caucasian (94%) and in two-parent homes (96%); 2% of the sample did not report income, education, or ethnicity. Decisions about sample numbers were based on a pilot feasibility study of the intervention that suggested large effect sizes were likely to be obtained. Hence, we decided on a 2:1 allocation ratio (intervention:control) and a sample size of approximately 40 per intervention group.
The study was approved by the research ethics board at the university. All children gave verbal and written assent and parents signed a consent. All testing took place in a research lab at the university in this suburban, southwestern region of Ontario Canada.
Eligibility Criteria
Inclusion criteria included (1) English-speaking family and (2) children who were normally developing, based on parent report (i.e., no past or current issues in attention, cognitive, behavioral, or social-emotional functioning). Exclusion criteria included (1) child or an immediate family member had been hit as a pedestrian (n ¼ 5) and (2) the parent reported the child was prone to motion sickness (n ¼ 5).
Materials
Screening Questionnaire
The Simulator Sickness Questionnaire comprised 12 items and was completed over the phone with parents before booking an appointment to screen out children at an increased risk for sickness while wearing the VR goggles (Kennedy, Lane, Berbaum, & Lilienthal, 1993) . Items included asking about the child's experience of migraines, head trauma, vertigo, seizures, motion sickness, claustrophobia, and dizziness or nausea when watching a movie on a wide screen or experiencing a carnival ride (e.g., rollercoaster). Children who experienced any of these issues, as reported by the parent, were excluded from participating (n ¼ 5). Virtual Reality System A commercially available standard desktop PC ran the training program. The children wore a commercially available head-mounted display (goggles), the Oculus Rift (1080 Â 1200 resolution for each eye), that presented a stereoscopic three-dimensional view of a neighborhood setting at 90 frames per second. The scenes depict a two-lane street with a yellow line down the center and sidewalks with houses set back from the road, which is either straight, has a blind curve within it, or is on a hill. The virtual environment's realism is enhanced visually by trees, shadows, and textures and aurally by realistic sounds of traffic movement (e.g., engine sound becoming louder as cars get closer). Past research establishes the validity of VR for studying real-world pedestrian behavior with children and adults: Construct validity was demonstrated by significant correlations between crossing behaviors in virtual and real-world contexts, face validity was established based on high realism ratings for virtual road situations, and convergent validity was demonstrated by correlations between child temperament traits and virtual road-crossing behaviors that mirror relations established in other pedestrian research using non-VR testing (Schwebel et al., 2008) . In the training system, the child assumes the perspective of an avatar in the situation and by moving their head they can fully explore the area and their perspective changes as it would if they were crossing in real life; changes in perspective occur with ultra-low latency such that there is no perceptible delay between moving the head and perceiving the change in view in the Oculus Rift. Measures of performance are computed on a trial-bytrial basis as the child progresses through the session.
Controller
To maneuver within the virtual pedestrian environment, the child used a commercially available wireless XBOX ONE controller. This allowed the child to independently manipulate direction, path, and speed of movement. Each child received training to a criterion with the controller before testing was initiated (see Procedure). This ensured all children were comparably facile in using the controller to move within the pedestrian environment before any crossing measures were taken.
Training Programs
For both the where and how training, there were four stages the child progressed through to complete training. The learning objectives for both modules are given in Table I , along with an explanation of error scores for each module (i.e., primary outcome).
Generalization of Learning Test for the Where to Cross Intervention Group
After completing the training on where to cross, children in the intervention group completed a generalization test to determine if they could apply the information learned in a new context; children in the control group did not receive the generalization test. This test comprised four table-top scenes, each depicting a different type of road condition that was taught about in the intervention: crossing with parked cars across the street, crossing with parked cars on the child's side of the street, crossing with a blind curve present, and crossing on a blind hill when the approaching traffic is not visible. For each scene (presented in random order), the child was given a small toy figure and asked to select the safest place for the figure to cross the road and then explain why it is the safest place. Percent correct constituted our secondary outcome.
Generalization of Learning Test for the How to Cross Intervention Group
After completing the training on how to cross, children in the intervention group were asked to teach the research assistant the skills that they had learned, using a pretend road that had been constructed in a nearby room in the lab with markers on the floor designating the road and an exercise step for the curbside so they actually stepped off a curb. The children were advised to think about what they needed to do to cross safely. They then were asked to demonstrate a safe crossing for the research assistant and told that she would ask them to explain things as they crossed so she could better understand. To demonstrate how to cross safely, the child started a foot back from the designated "curb" and then were told "start" by the assistant. Using a checklist during testing, for each sequential behavior the child implemented (e.g., "first I stop at the curb"), they were asked to explain why that is important to do. Then they were asked to direct the assistant in how she could cross the street safely; again, for each sequential behavior the child told her to do, the assistant asked for an explanation. This portion of the session was videotaped for later coding. Percent correct was our secondary outcome for children in the intervention group; children in the control group did not receive the generalization test.
Procedure
Each session lasted 1-1.5 hrs. Before the session, the parent and child were given an explanation of what would happen and completed the consent process, and the child was told to report if she or he felt dizzy or nauseous during testing. Children were then given the controller and fitted with the goggles.
The first phase of the session was a tutorial on how to use the controller to maneuver within the virtual environment displayed in the Oculus. The tutorial consisted of a number of phases that were fully automated (i.e., all movement and orientation behaviors were measured precisely and all instructions and feedback were generated in the VR world based on the behavior of the participant). The training covered the following: (1) Orientation: To teach children to look around the environment, the participant was asked to move their head to look at various objects in the tutorial environment, in different sequences. (2) Basic movement: To teach the participant how to move around the environment using the controller, participants were asked to move themselves to particular locations, in sequence. These tasks included moving forward, backward, left, and right and moving on a diagonal heading at a walking pace and a running pace. (3) Looking and moving separately: To train children that they could walk in one direction while looking in another, participants were asked to look at a cylinder in one direction, and maintain that head orientation, while walking to a particular location in a different direction. (4) Short distance movements: To prepare participants for incremental movements (e.g., needed to check for traffic from between parked cars), participants were asked to move short distances by tapping the joystick forward and then stopping in a shape on the virtual floor. Children had to achieve a 90% success in each phase, minimum of five trials, before proceeding to the training session. This training, therefore, ensured that all children were equally facile in using the controller to navigate within the virtual pedestrian environment before any crossing measures for baseline were taken. The second phase aimed to have children become comfortable with the roadside setting. To begin, the child was asked to both walk and run up and down the sidewalk. Next, they practiced controlling their movements and crossing the street three times. They then were shown what happened if they were hit by a vehicle (i.e., screen goes black and they hear a siren).
In the third phase, the children then completed the baseline or preintervention trials, which consisted of 12 trials presented in random order. For children in the where to cross group, these included three trials for each of the four different crossing situations the child was to be taught about (see Lessons Taught in Table I ). For how to cross, this included six trials for each of the two situations the child was to be taught about (see Lessons Taught in Table I ). After this phase, children in the control groups had different experiences than those in the intervention groups.
For the control groups, children played a VR videogame called Jump (https://www.oculus.com/experiences/gear-vr/994223077313205/) using the Oculus Rift and XBOX controller after baseline testing. This game was chosen because the movement controls were very similar to those used in the training system. Thus, playing this game provided some additional movement practice in a VR world without any pedestrian training. This resulted in children experiencing the same controller and VR immersion time across groups, thereby controlling for any effect of these experiences on the posttest measures. After this, children in the control groups completed the posttest (see below).
For each intervention training module, there was a maximum of 12 trials for each situation (Table I) . To move to the next lesson, the child had to successfully complete either three consecutive or four out of five successive trials; this system is set up such that failure to reach these criteria after 12 attempts would result in the child progressing to the next stage, though this did not occur in this sample. Throughout delivery of the intervention, the system provided the child with positive verbal reinforcement to encourage continued effort (e.g., "Great job!"). Performance was tracked on a trial-by-trial basis. If the child made a mistake, they received more elaborate teaching. Specifically, the system would stop at that point and replay what the child had done (third-person overhead perspective or from the perspective of the driver, whichever was more impactful), while stating how what the child did was risky (e.g., "See how the driver can't see you until they come around the corner, and then you are so close to the car. The driver won't have enough time to stop. So if you cross close to the bend in the road you might get hit."). The system would then state a safer alternative behavior while showing this on the monitor (e.g., "You need to move away from the bend so the driver has time to see you and you can see the car coming too."). Thus, in response to an error, children were given the immersive experience of what was risky (behavior they did), shown the consequence of this (car too close and approaching on a hit course), and immediately told the alternative safer action and shown why it is safer (car is farther away, driver can see child, and vice versa). Children received tailored feedback throughout the intervention, with repetition of teaching trials resulting in more training on skills they lacked. Difficulty level generally increased over stages as children acquired new skills.
The final phase of the VR training system was the posttest. This included 12 trials that were presented in random order and of the same type as those completed during the pretest. These assessed all the lessons covered in the module relevant to the child, either where or how to cross (Table I) .
Once the children in the intervention conditions completed the posttest, they then completed the generalization of learning test in a nearby room; children in the control groups did not receive this test. At the conclusion of the session, all children and parents/guardians were debriefed about the study and reminded that crossing a virtual street may differ from real traffic conditions. The child was then given a gift card.
Coding and Reliability for Generalization Tests Coding
Checklists were used in the coding. For the where to cross test, each of the child's responses (location selected and explanation) in the four table-top situations presented were coded separately, yielding eight scores. Location and explanation responses were coded as "correct" if they corresponded to what had been taught in training. For the how to cross test, for each of the behaviors taught, the child was coded as "correct" if she or he demonstrated the behavior and the explanation was coded as correct if it matched what had been taught.
Reliability
A primary and a secondary coder (both fourth-year undergraduate Psychology thesis students) were both trained on this task by a Lab Coordinator having more than 3 years of video coding experience; each coded the video records independently. Reliability for agreement between coders was 98%, with the data of the primary coder analyzed.
Analytic Approach
Primary Outcome (Street-Crossing Tests) Using SPSS Version 25, descriptive statistics were computed to characterize the data. Given that the outcomes were count data (i.e., # of errors made), generalized linear modeling was used to compare the training and the control group in terms of the number of errors committed at posttest, when controlling for baseline or pretest scores. Both Poisson and negative binomial regressions were run for all comparisons, and the best model fit was determined using the Akaike information criterion. All models were a better fit with a negative binomial approach. Balance between the intervention and control groups was tested for using chi-square tests of association for sex, family income, education, and ethnicity and using analysis of variance for age.
Secondary Outcome (Generalization Tests)
Using SPSS version 25, nonparametric statistics were applied to examine the percent correct scores on each generalization test, separately for where and how to cross data.
Results
The intervention comprised two modules, one for where to cross and the other for how to cross safely. Different children were tested on each module, with a corresponding control sample for each. Thus, analyses focused on each paired intervention-control group separately. The demographics for all groups are given in Table II . As expected, there were no group differences on these characteristics when intervention and control groups were compared for where (p > .05) and for how to cross (p > .05). There were no adverse events to report on in any groups. There were too few dropouts to conduct formal analyses (Figure 1 ), but visual inspection did not reveal any patterns related to demographic factors.
Where to Cross Safely Was the Intervention Effective?
The descriptive statistics for relevant variables are given in Table III . Children were trained to choose safe locations to cross in four different pedestrian situations. Posttest scores (# of unsafe locations chosen to cross) were analyzed to determine if there were significant differences between the control and training groups after the intervention. Negative binomial regression analyses were conducted predicting posttest scores from group membership while controlling for baseline or pretest error scores, age, and sex.
Analysis of the far side parked cars error data indicated that children in the training group committed approximately 83% fewer errors at posttest than those in the control group (see IRR and confidence interval [CI] in Table III) , p < .001. Analysis of the near side parked cars error data indicated that 90% fewer errors occurred in the intervention than the control group, p < .001. Similarly, analysis of the blind curve error data indicated that children who received the intervention made 89% fewer errors than those in the control group, p < .001. Analysis of the hill error data indicated that children made 84% fewer errors in the training than the control group, p < .005. In sum, the intervention was effective to teach children where to cross safely for situations that involved parked cars, a blind curve, and a hill. Did Children's Knowledge of Where to Cross Safely Generalize to New Situations? A one-sample Wilcoxon signed-rank test was applied (50% as the comparison) to examine intervention children's accuracy in selecting the safest location for crossing and their explanation for doing so; the control group did not receive the generalization tests. Results revealed that both children's selection of the correct location and their explanations for doing so were significantly above chance level (p < .05) for all situations: parked cars on the far side (88% and 92% correct, respectively), parked cars on the near side (87% and 91% correct, respectively), blind curves (87% and 98% correct, respectively), and hills (89% and 98%, respectively). Thus, children generalized what they learned from the intervention and applied this knowledge to draw correct inferences about where to cross, and why to do so in that location, when presented table-top road displays.
How to Cross Safely Was the Intervention Effective?
The descriptive statistics for relevant variables are given in Table III . Children were trained on how to cross in two situations: from a midblock location with and without parked cars on the near side. Posttraining scores (# of errors related to the skill taught) were analyzed to assess for significant differences between the control and training groups postintervention. This was achieved by conducting negative binomial regression analyses predicting posttest scores from group membership while controlling for baseline pretest error scores, age, and sex.
Analysis of error data relating to how to cross when there are no parked cars present revealed a number of large and significant improvements. Analysis of the failed to stop at curb error data indicated that participants in the training group made 93% fewer errors of this type at posttest than those in the control group (see IRR and CI in Table III), p < .001. Analysis of the no left check at curb error data showed 75% fewer errors at posttest in the training compared with the control group, p < .05. Analysis of the no right check at curb error data indicated that participants in the training group made 89% fewer errors of this type at posttest than those in the control group, p < .001.
Analysis of error data relating to how to cross when there are parked cars present on the near side of the street also revealed a number of large and significant improvements. Analysis of the did not check right parked car error data indicated that participants in the training group made approximately 86% fewer errors of this type at posttest than those in the control group, p < .001. For the did not check left parked car error data, children in the training group made 82% fewer errors than those in the control group, p < .001. Analysis of the no left check at parked cars error data showed 96% fewer errors by children in the training than the control group, p < .005. Finally, for no right check at parked car error data, children in the training group made 80% fewer errors than those in the control group, p < .001. Thus, the program was very effective in improving many aspects of children's crossing behaviors. Note. Separate analyses compared each demographic attribute for the paired intervention and control groups for where and for how to cross. No significant differences emerged. Note. Significant group differences are designated by an asterisk. Test of group differences at posttest controlled for age, sex, and baseline or pretest scores. Did Children's Knowledge About How to Cross Safely Generalize? A one-sample Wilcoxon signed-rank test was applied (comparison value of 50%) and revealed that children in the intervention group not only learned the behaviors that increased safety when crossing but also understood the rationale for these safe crossing behaviors, p < .05. These included stop at the curb (91% and 80%, respectively), look left before entering the road (95% and 81%, respectively), look right at the yellow line (88% and 85%, respectively), and walk straight across not at an angle (98% and 91%, respectively); the control group did not receive the generalization test. Thus, the training was effective to improve children's understanding of what differentiates safe from unsafe pedestrian behaviors related to how to cross the street.
Discussion
Injury statistics affirm that child pedestrians constitute a high-risk group. Young children struggle not only with when to cross (intervehicle gap selection) but also with where and how to cross. The fact that experiencing realistic traffic situations seems to create the potential for children to develop pedestrian skills has led to a focus on using VR technology, which allows complete control over the traffic conditions that children experience while still ensuring their safety. Past research has shown that practice in a virtual pedestrian environment can lead to improvements in decisions about when to cross . Applying VR technology in the current study, the results from this pilot RCT indicate that significant improvements in crossing knowledge and behaviors for both where and how to cross also can be achieved by children 7-10 years of age. Given that the road situations the children are taught about in the current program are applicable to both urban and rural settings, the program has the potential for broad dissemination to improve children's street-crossing behaviors. This potential is further enhanced by the fact that the program does not require any specialized or expensive equipment, only commercially available goggles (Oculus Rift), a moderately powerful PC, and a video game controller.
The magnitude of improvement in both intervention groups is substantial, and the fact that these effects occurred after only 1.5 hrs of training is noteworthy. Being able to obtain large improvements in crossing skills after a relatively short training time is important because young children have relatively limited attention spans. The fully immersive nature of the current VR street environments create a compelling experience and may contribute to explaining the success that was achieved with the current program in relatively limited training time. The extent of realism depicted in the virtual world has been shown to affect learning and generalization, with less realism limiting both (McComas et al., 2002) . Hence, a highly realistic (fully immersive) pedestrian environment may support faster learning and reduce training time. Although a longer-term outcome evaluation was not conducted, previous pedestrian training research has shown retention of medium effect size improvements through at least 6 months with only 3 hrs of training in a semiimmersive VR environment . It may be, therefore, that the larger effect sizes obtained after completing the current training program would persist as well. Suffice it to say, the magnitude of improvement shown by children who experienced the pedestrian training program in this study was large, exceeding that obtained using other pedestrian training programs, and this may be attributable to the fully immersive nature of the virtual pedestrian environment.
Two other factors related to how the teaching was delivered also may contribute to explaining the program's success. First, during the training program, children were shown various perceptual perspectives to illustrate risk and/or safety factors. For example, when they made errors, the significance for safety was often demonstrated by showing the child the driver's perspective (e.g., could not see the child; Figure 2 ). This made teaching about topics such as visibility very easy because the perspective shown directly illustrated the importance of considering the driver's viewpoint. Past research suggests that egocentric biases that young children often show decrease when the motivation for accurate judgment of another's perspective is high (Epley, Morewedge, & Keysar, 2004) . Having children learn the importance of the driver's perspective for their personal safety, therefore, may produce the desirable effect of decreasing a reliance on their own visual perspective and balancing this with appraisal of the driver's viewpoint. Second, the children were also shown what could happen because of their error (e.g., car approaching on a hit course as the child emerges to cross from between parked cars; Figure 2 ). Hence, in reaction to errors, children were shown the cause (their behavior) and the consequence (hit by vehicle), and these were directly linked. Providing children first-hand experiences that link injury consequences to unsafe actions has proven to be an effective approach to evoke behavior change (Morrongiello, Miron, & Reutz, 1998) . This approach also may have helped children in the current study to change from unsafe to safe pedestrian behaviors.
The intervention not only improved children's crossing behaviors but also significantly advanced their conceptual understanding, as evidenced by how well they performed on the generalization of learning tests. The fact that children were able to apply their understanding of pedestrian injury risk factors to new traffic situations with the result that they could determine how to cross safely in these novel situations is an important finding. Previous pedestrian training programs using virtual roads focused on providing practice in intervehicle gap selection without any formal teaching about traffic or road safety issues . Such practice improved performance, presumably because of improved perceptual-motor attunement (Plumert et al., 2007) . The current research findings highlight, however, that focusing on the cognitive aspects of crossing to expand their conceptual understanding of risk factors and how to manage these is another approach to improving children's pedestrian behaviors. Crossing streets is a cognitive-perceptual task that is complex and resource-demanding. It is perhaps not surprising, therefore, that improvements in pedestrian safety can be realized by focusing on training in either domain-cognitive-conceptual understanding or perceptual-motor attunement. Training that assimilates both teaching concepts and practicing crossing may be necessary for children to be fully prepared to safely manage crossing in the variety of traffic and road conditions that they are likely to encounter in their daily lives.
Limitations and Future Directions
Although this research significantly advances the field, there are some limitations that merit mentioning and considering when planning future research. First, the sample is relatively homogeneous with regard to demographic characteristics. Extending the research to assess if the same positive effects are realized with a more demographically diverse sample is essential to determine generalizability. Second, although including a long-term outcome to measure the sustainability of the improvements in children's crossing behaviors was beyond the scope of this pilot RCT, doing so in the future is an important next step in evaluating this training program. This could reveal, for example, whether more extensive training is needed for sustainability of learning. Previous research has found positive effects persisting for at least 6 months postintervention when children received 3 hrs of practice . It could be, however, that less time than 3 hrs is sufficient if children are formally taught safe crossing behaviors, as they are in this program. Finally, although the training program significantly improved children's street-crossing practices, ultimately one needs to know how these effects compare with outcomes realized by other "gold standard" training programs. Conducting a noninferiority trial comparing this program with curbside training programs that have proven effective (e.g., Kerbcraft; Whelan et al., 2008) will be important to determine how the magnitude of improvement varies across training programs. These findings can inform decisions about best practices for behavioral training of child pedestrians and are an important goal for future research in this area.
